The oncogenic potential of the human papillomavirus (HPV) early genes E6 and E7 is well established and a source of interest with regard to HPV testing for cervical carcinoma. Here we present a study performed with 204 histologically confirmed invasive cervical squamous cell carcinomas (SCCs) in which we evaluated the HPV E6 and E7 mRNA detection assay PreTect HPV-Proofer for detection of high-risk HPV types 16, 18, 31, 33, and 45. For further evaluation, detection of E6 and E7 mRNA from HPV types 35, 52, and 58 by real-time multiplex nucleic acid sequence-based amplification was also included. For comparison and to assess the overall prevalence of various HPV types, samples were also tested for HPV DNA by both consensus and type-specific PCR, reverse line blotting, sequencing, and in situ hybridization. The overall prevalence of HPV was 97%. HPV E6 and E7 transcripts were detected in 188 of 204 (92%) biopsy specimens, of which 181 contained one of the following HPV types: 16, 18, 31, 33, or 45. Consensus PCR and type-specific PCR detected HPV in 187 of 204 and 188 of 204 (92%) specimens, respectively. In conclusion, this study verifies the presence of HPV E6 and E7 mRNA in SCCs and demonstrates that HPV infections among Norwegian women with SCCs are limited mainly to the five high-risk types, 16, 18, 31, 33, and 45. This, together with the fact that PreTect HPV-Proofer detects the HPV oncogenic transcripts, suggests that the assay is a valuable approach in the field of HPV detection in cervical carcinoma.
The presence of human papillomavirus (HPV) infection in the majority of cases of cervical neoplasia has been considered evidence of an etiological role of HPV in cervical cancer. The association is strong, consistent, and specific to a limited number of viral types (2, 5, 32, 46) . On the other hand, the lifelong risk of HPV infection is 80%, and only a small proportion of women infected with HPV will develop high-grade cervical neoplasia (42) . Among HPV-positive women, it is therefore of the utmost importance to identify those with an increased risk of developing cervical carcinoma by either methods that reveal persistent HPV infection (38) , methods that detect viral oncogene expression (40) , or the use of additional human markers for cervical carcinogenesis (45) .
The most frequent HPV types found in cervical intraepithelial neoplasia and squamous cell carcinoma (SCC) are HPV type 16 (HPV-16) and HPV-18, which in 1995 were classified as human carcinogens by the International Agency for Research on Cancer. In total, based on their high frequencies in carcinomas, 13 HPV types are now considered carcinogenic types (6) . In the largest multinational studies performed so far, HPV types 16, 18, 31, 33 , and 45 were shown to be the most prevalent types associated with cervical carcinomas (2, 22, 32) , with HPV-16 alone found in more than 50% of the cases. The oncogenic potential of these high-risk HPV types lies in the oncoproteins E6 and E7, which bind to and modulate a number of different gene products, in particular, the tumor suppressors p53 and pRb. These interactions lead to a disturbance of cell cycle control and a deficiency in DNA repair, resulting in genomic instability and an increased risk of malignant transformation (30) . However, although the oncogenic potential of E6 and E7 is well established and the expression of E6 and E7 has been found to be necessary for conversion to malignancy (19, 31, 52) , few studies have so far been performed to verify the actual presence of these transcripts in clinical cervical carcinoma samples. Such a study would provide valuable information, as the detection of the E6 and E7 transcripts of high-risk HPV types could serve as a better risk evaluation factor than DNA detection for the development of high-grade squamous intraepithelial lesion and the progression to cervical carcinoma (25, 28, 29, 41) .
In order to confirm the presence of HPV E6 and E7 mRNA in cervical carcinomas, we performed a study with 204 histologically confirmed invasive SCCs. Additionally, we wanted to investigate which HPV types are the most common among Norwegian women with SCC and performed an evaluation of the HPV mRNA detection assay PreTect HPV-Proofer, which detects HPV types 16, 18, 31, 33, and 45. The PreTect HPVProofer assay is based on real-time multiplex nucleic acid sequence-based amplification (NASBA). To assess the overall prevalence of various HPV types, detection of E6 and E7 mRNA from HPV types 35, 52 , and 58 by use of a separate multiplex NASBA system was also included, as these are the most prevalent types after the five types included in the assay (5) . For comparison and additional evaluation, HPV DNA was detected by consensus and type-specific PCR, PCR-enzyme immunoassay (EIA) and reverse line blotting (RLB), and in situ hybridization (ISH).
MATERIALS AND METHODS
Cell culture. SiHa (squamous cell carcinoma), CaSki (squamous cell carcinoma), and HeLa (adenocarcinoma) cervical carcinoma cell lines, were obtained from the American Type Culture Collection. The SiHa and HeLa cell lines were maintained in Dulbecco's modified Eagle's medium, and the CaSki cell line was maintained in RPMI medium, supplemented with 10% fetal bovine serum, 2 mM L-glutamine, and 25 g/ml gentamicin. The cells were incubated at 37°C in a 5% CO 2 atmosphere and harvested directly in NucliSens lysis buffer (bioMérieux, Marcy l'Etoile, France) containing 5 M guanidine thiocyanate.
Tissue samples. Tumor samples from 204 patients from Norway who had SCCs and who were admitted to the Norwegian Radium Hospital between 1995 and 1998 were included in the study. Fresh frozen tissue (about 8 mm 3 ) stored at Ϫ70°C was used for the PCR and NASBA analyses. For ISH, formalin-fixed, paraffin-embedded tissue from the same tumors, collected from the files of the Norwegian Radium Hospital, was used. The findings for all samples were histologically confirmed by evaluation of frozen sections before analysis.
Nucleic acid isolation. The material was divided into smaller pieces while it was kept on dry ice (Ϫ80°C) and transferred to 1 ml of lysis buffer (bioMérieux), followed by 20 s of homogenization with disposable pestles. One hundred microliters of the sample was further diluted 10-fold in lysis buffer, and 100 l was then subjected to DNA and RNA extraction with the automated NucliSens extractor (bioMérieux), as described previously (1) . The extracted DNA and RNA were eluted with approximately 40 l of elution buffer (bioMérieux) and stored at Ϫ70°C. Five microliters of a fivefold dilution was used in the PCRs and the NASBA reactions. At a later stage, the samples found to be HPV negative by all methods were extracted again by using 100 l of the undiluted material in lysis buffer. This was done in order to make sure that all HPV-positive samples were detected, including samples containing a low HPV copy number. All cases were retested by NASBA, type-specific PCR, and consensus PCR.
A flow chart illustrating the different test methods performed with the specimens is given in Fig. 1 .
HPV RNA analysis by NASBA. (i) HPV types 16, 18, 31, 33, and 45 (PreTect HPV-Proofer). The real-time multiplex NASBA assay PreTect HPV-Proofer (Fig. 2 ) was performed as suggested by the manufacturer (NorChip AS, Klokkarstua, Norway). Briefly, three premixes were made by reconstitution of reagent sphere, containing nucleotides, dithiothreitol, and MgCl 2 , in a reagent sphere diluent (Tris-HCl, 45% dimethyl sulfoxide). Then, the primer-molecular beacon mixture U1 small nuclear ribonucleoprotein-specific A protein (U1A)-HPV-16, HPV-33-HPV-45, or HPV-18-HPV-31 was added together with a KCl stock solution. Ten microliters of this premix was distributed to each well in a reaction plate, followed by addition of RNA and 4 min of incubation at 65°C (to destabilize the secondary structures of the RNA) and 4 min of incubation at 41°C. The reaction was started by addition of enzymes (avian myeloblastosis virus reverse transcriptase, RNase H, and T7 RNA polymerase) and was measured in real time by using a Lambda FL 600 fluorescence reader (Bio-Tek, Winooski, VT) at 41°C for 2 h 30 min. The total reaction volume was 20 l. A newly developed software package (PreTect analysis software; NorChip AS) was used for analysis of the experimental data. The excitation (nm) filters for 6-carboxyfluorescein and Texas Red are 485/20 and 590/20, respectively, and the emission (nm) filters are 530/25 and 645/40, respectively. RNA isolated from CaSki cells was used as a positive control for HPV-16. Artificial and standardized oligonucleotides corresponding to the viral sequence were used as positive controls for HPV types 18, 31, 33, and 45. As a performance control, to avoid false-negative results due to degradation of RNA, we used a primer set and probe directed against mRNA of human U1A. Negative controls consisting of all reagents except RNA were included in each run.
(ii) HPV types 35, 52, and 58. Primer sets and molecular beacon probes were used for amplification and detection of HPV types 35, 52, and 58 (NorChip AS). The real-time multiplex NASBA assay was performed in the same manner as described above for the PreTect HPV-Proofer assay. The reactions were run in two different tubes: HPV-35-U1A and HPV-52-HPV-58. Artificial and standardized oligonucleotides corresponding to the viral sequence were used as positive controls. Negative controls were included in each run.
HPV DNA analysis by PCR. The same nucleic acid extracts and amounts of template used for the RNA analyses were used in the PCRs. PCR was performed with all 204 samples, both by consensus Gp5ϩ/Gp6ϩ PCR and type-specific PCR, as described below. In addition, consensus My09/My11 PCR and PPF1/ CP5 PCR were performed with the samples that tested negative by NASBA, type-specific PCR, and Gp5ϩ/Gp6ϩ PCR. DNA was amplified in a Primus 96 HPL thermocycler (MWG). Fragments were detected by using the 2100 Bioanalyzer multi-instrument system from Agilent Technologies (Palo Alto, CA). As a DNA control, primers against the human ␤-globin gene were used (33) .
(i) Consensus Gp5؉/Gp6؉ PCR. The L1 gene-specific consensus Gp5ϩ/ Gp6ϩ PCR (11) was performed with all 204 samples. The PCR amplification was carried out in a volume of 50 l containing as final concentrations 10 mM Tris-HCl (pH 8.8 at 25°C), 50 mM KCl, 0.08% Nonidet P-40, 1.5 mM MgCl 2 , 0.2 mM deoxynucleoside triphosphates (dNTPs), 50 pmol of primers Gp5ϩ and Gp6ϩ, and 1 unit of Taq DNA polymerase (Sigma-Aldrich, St. Louis, MO). The first DNA denaturation was performed for 2 min at 94°C; and then 40 cycles of PCR consisting of denaturation for 1 min at 94°C, annealing for 2 min at 40°C, and extension for 1.5 min at 72°C were run, followed by a final extension for 4 min at 72°C. (ii) Consensus My09/My11 PCR. The L1 gene-specific consensus primers My09 and My11 (26) were used to detect HPV in samples negative for HPV by type-specific or Gp5ϩ/Gp6ϩ consensus PCR or NASBA. The PCR amplification was carried out in a volume of 50 l containing as final concentrations 10 mM Tris-HCl (pH 8.8 at 25°C), 50 mM KCl, 0.08% Nonidet P-40, 3.5 mM MgCl 2 , 0.2 mM dNTPs, 30 pmol of primers My09 and My11, and 1 unit of Taq DNA polymerase (Sigma-Aldrich). The first DNA denaturation was performed for 2 min at 94°C; and then 40 cycles of PCR consisting of denaturation for 0.5 min at 94°C, annealing for 1 min at 45°C, and extension for 1 min at 72°C were run, followed by a final extension for 10 min at 72°C.
(iii) Consensus PPF1/CP5 PCR. The E1 gene-specific consensus primers PPF1 and CP5 (35) were used to detect HPV in samples negative for HPV by the PCR techniques mentioned above or NASBA. The PCR amplification was carried out in a volume of 50 l containing as final concentrations 10 mM Tris-HCl (pH 8.8 at 25°C), 50 mM KCl, 0.08% Nonidet P-40, 2.5 mM MgCl 2 , 0.2 mM dNTPs, 50 pmol of primers PPF1 and CP5, and 1 unit of Taq DNA polymerase (SigmaAldrich). The first DNA denaturation was performed for 2 min at 94°C; and then 40 cycles of PCR consisting of denaturation for 0.5 min at 94°C, annealing for 0.5 min at 55°C, and extension for 1 min at 72°C were run, followed by a final extension for 10 min at 72°C.
(iv) Type-specific PCR. All samples were tested for HPV types 16, 18, 31, 33, 35, 45, 52 , and 58 by type-specific PCR (NorChip AS) (22) , without previous selection of positive cases by consensus PCR. The first DNA denaturation was performed for 2 min at 94°C; and then 35 cycles of PCR consisting of denaturation for 0.5 min at 94°C and annealing for 0.5 min at 57°C for HPV types 16, 18, 31, 52, and 58, at 55°C for HPV-35, and at 52°C for HPV-33 were run, followed by a 1-min extension step at 72°C. A final extension step for 4 min at 72°C was included after the 35 cycles.
Sequencing. In order to define the HPV types present in samples negative by the PreTect HPV-Proofer assay, real-time NASBA, or type-specific PCR, we performed sequencing of the PCR products obtained by using the consensus primers Gp5ϩ and Gp6ϩ. The sequencing was performed at the University of Oslo (Oslo, Norway) by using the MegaBACE sequence analyzer (Amersham Biosciences, Little Chalfont, England), according to the manufacturer's protocol. The sequences were compared to other known sequences in a database search (BLAST; National Center for Biotechnology Information).
HPV DNA analysis by ISH. ISH was carried out with biotinylated probes against HPV types 16 and 18 (gifts from Harald zur Hausen and Ethel-Michele de Villiers, Germany) (3, 12) and HPV types 31 and 33 (Eurodiagnostics BV) and an alkaline phosphatase anti-alkaline phosphatase detection system, as described previously (15) . Briefly, sections from formalin-fixed, paraffin-embedded material were treated sequentially with proteinase K (700 g/ml), 0.2% glycine, and 4% paraformaldehyde. Subsequent to probe and cellular DNA denaturation by heating at 95°C for 10 min, the slides were hybridized for 18 to 22 h at 37°C. Tissue sections were given high-stringency washes before the hybridized DNA was detected by using sequential incubation with mouse antibiotin, rabbit antimouse immunoglobulin G, and alkaline phosphatase mouse anti-alkaline phosphatase. The alkaline phosphatase reactions were developed by using nitroblue tetrazolium and 5-bromo-4-chloro-3-indolylphosphate as chromogenes. All series included positive controls. Negative controls were performed by using pBR322 DNA labeled with biotin.
Gp5؉/Gp6؉ PCR, EIA, and RLB. Samples negative by any of the detection methods described above were extracted again for DNA and RNA and subjected to Gp5ϩ/Gp6ϩ PCR, followed by EIA for the differentiation of HPV high-risk and low-risk types, with RLB subsequently used for typing (44) .
RESULTS
HPV RNA. All 204 samples were positive for the RNA control, U1A, which was included to avoid false-negative results due to degradation of RNA. The PreTect HPV-Proofer assay, which detects E6 and E7 mRNA from the high-risk HPV types 16, 18, 31, 33 Table 3 ).
By using the consensus Gp5ϩ/Gp6ϩ PCR directed against the L1 gene, which encodes the HPV major capsid protein, DNA was detected in 187 of the 204 biopsy specimens (92%), of which 7 were negative by type-specific PCR (see Tables 1  and 3 ). Sequencing of these seven negative samples revealed HPV types 6, 26, 66, and 69 and three cases of HPV-73. In addition, one biopsy specimen initially positive by the Gp5ϩ/ Gp6ϩ PCR yet negative by the type-specific PCR was sequenced as HPV-51. This sample was then tested again with more concentrated material and was revealed to be HPV-58 positive by both NASBA and PCR. To further explore whether both HPV types 51 and 58 were present, the sample was also tested for HPV-51 by type-specific PCR and NASBA. HPV-51 was demonstrated by both methods. The same sample was confirmed to be HPV-51 and HPV-58 positive by EIA and RLB. Analysis by EIA and RLB, performed for the samples that were HPV negative by every other method used in the study, did not reveal any further HPV-positive samples. Additional consensus primers (My09/My11, PPF1/CP5) were used to test the HPV-negative biopsy specimens but revealed no further HPV infections.
ISH detected HPV types 16, 18, 31, and 33 in 160 of 204 (78%) samples (Table 2) (Table 3 ). In 66 of 75 (88%) of the cases with mixed populations, a homogeneous pattern of a punctatediffuse signal was seen throughout the tissue section. In only 9 (12%) of the 75 cases a punctate signal and a punctate-diffuse signal were found in different parts of the tumor. By examination of serial sections for the cases with multiple infections, two or more HPV types were found within one cell; in three of the cases different HPV types were identified both within the same cell and in different tumor cells (Table 3 ; Fig. 3) .
Overall HPV detection. The overall HPV prevalence determined by all methods was 97% (198 of 204 samples). By NASBA and type-specific PCR, HPV (types 16, 18, 31, 33, 45, 35, 52, and 58) was detected in 190 of 204 (93%) biopsy specimens. The discrepancies between the different methods are presented in Table 3 . E6 and E7 mRNA from the five HPV types included in the PreTect HPV-Proofer assay (HPV types 16, 18, 31, 33, and 45) was present in 181 of these 190 (95%) HPV-infected biopsy specimens. By consensus PCR, seven additional HPV-positive samples were detected; three represented HPV-73, most commonly described as being a high-risk type, or HPV types presumed to be low-risk HPV types (HPV types 6, 26, 66, and 69). When the results of ISH were also considered, the number of SCCs demonstrated to be positive for high-risk HPV types turned into 195 of 204 (96%) because of the counting of 1 additional HPV-18-positive sample and the finding of HPV-16 in the sample found HPV-69 positive by sequencing. We did not find any relation between the HPV type present and the stage of the tumor.
DISCUSSION
In the present study, 204 histologically confirmed SCCs of the uterine cervix were investigated by both RNA-based and DNA-based detection methods. The E6 and E7 mRNA detection assay PreTect HPV-Proofer, based on real-time multiplex NASBA, as well as a separate real-time multiplex NASBA assay, were used to study E6 and E7 mRNA expression from HPV types 16, 18, 31, 33, 35, 45, 52 , and 58, which are the most prevalent high-risk HPV types in Europe and North America (5). The results were compared to those of consensus and type-specific PCRs and ISH.
An overall HPV detection rate of 97% was achieved, which is comparable to those achieved in other studies (5, 32, 46) , confirming the importance of HPV in cervical carcinogenesis. No HPV was detected in 3% of the SCCs. In these cases HPV 45 . Type-specific PCR primers, which identified the same eight HPV types, also detected HPV DNA in 92% of the samples, although not exactly the same samples in which HPV was detected by the RNA assays. When the same HPV types are considered, previous studies show a somewhat lower HPV prevalence (4, 5) . This may be explained by the use of L1 gene-specific consensus PCR prior to typing, which possibly misses the cases in which loss of the L1 gene has occurred during the process of integration (43) . Our findings show that 10 and 8 of the 17 Gp5ϩ/ Gp6ϩ PCR-negative cases were detected by NASBA and typespecific PCR, respectively, suggesting that for 4 to 5% of the HPV-positive samples, loss of the L1 gene has occurred.
Nine samples positive by consensus PCR were found to be negative by the PreTect HPV-Proofer assay. Seven of these were identified by sequencing as HPV type 6, 26, 66, 69, or 73. HPV-73 was detected in three cases. Similar results have been reported in other European studies (5, 47) , and in certain European countries, HPV-73 may have the same importance as HPV types 35 and 52 in the development of SCC. Further studies of the nature of these transcripts will add valuable information to the importance of the respective HPV types. The two remaining consensus DNA-positive, RNA-negative b PCR and NASBA were performed with DNA/RNA extracted from fresh frozen tissue. Sequencing (Seq.) was performed with the Gp5ϩ/Gp6ϩ PCR product. c ISH was performed with paraffin-embedded tissue; P, punctate signal (indicates integration); D, diffuse signal (which indicates an episomal state). d RLB was performed with newly extracted DNA/RNA. e PCR was performed with more concentrated material in order to get a positive result. f NASBA performed with the same newly extracted DNA/RNA used for RLB gave a negative result. samples were found to be positive for HPV type 16 or 33 by type-specific PCR. A negative result by the PreTect HPV Proofer assay could be explained by low transcriptional activity or the occurrence of mutations in the regions covered by the primers or probes. These two samples were also negative by ISH, and more concentrated material had to be tested for the samples to become positive by PCR, indicating a low HPV copy number. Based on the findings of this study, as well as those of other studies performed with carcinoma material, discussions related to the question of the classification of low-risk versus high-risk HPV types may evolve. In February 2005, the International Agency for Research on Cancer concluded that the 13 HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 , and 66 can be classified as carcinogenic (6) . In addition, types 68, 73, and 82 are considered to be associated with cervical carcinoma. To further stratify the different HPV types according to their importance for cervical carcinogenesis, the types have been sorted as follows by their decreasing prevalence based on a meta-analysis of 10,058 carcinoma samples worldwide (5) 35, 52 , and 58 increased the detection rate only marginally; seven additional samples were detected, giving a detection rate of 94%. Other Norwegian studies have shown the same low prevalence of HPV types 52 and 58 in cervical intraepithelial neoplasia 3 (24, 25) . On the other hand, prevalence alone does not give an accurate picture of the carcinogenic potential of HPV, exemplified by the frequency of the low-risk HPV type 6 as compared to less-frequent "high-risk" HPV types. Conversely, most viral infections that occur in the uterine cervix, including high-risk HPV types, produce transient low-grade lesions and not high-grade cervical neoplasia. Furthermore, HPV types like types 39, 51, 56, and 66 are found more frequently in precancerous samples than in carcinomas (10) and are therefore suggested to be cleared out during carcinogenesis, possibly not being able to uphold the carcinogenic phenotype on their own. HPV types 26 and 66 were recently classified as probable high-risk types, whereas HPV-69 was not listed in any group (32) . The biopsy specimen that was found positive for HPV-69 by sequencing was by ISH found to be positive for HPV-16. This suggests that HPV-69 may be only a passenger and is not involved in the process of carcinogenesis.
A relatively low number of multiple HPV infections was detected, which is in agreement with previous findings (32, 36, 39) , as the frequency of multiple HPV infections in cervical carcinomas is generally lower than that in precancerous lesions (8, 17, 34) . In this regard, RNA data may add to the basis for evaluating the role of different HPV types in cervical carcinogenesis, since continuous expression of E6 and E7 RNA is necessary for the maintenance of the malignant phenotype (51) . In the present study, 11 cases of multiple infections were detected, of which 6 cases were found only by ISH. This may be explained by the targets and nature of the different methods used and the fact that different parts of tumor tissue were used for ISH.
In two of the five samples infected with multiple HPV types, as determined by PCR, RNA from only one of the types was detected. For the two cases positive for both HPV type 31 and HPV type 35 DNA, a detectable level of E6 and E7 RNA was found only for HPV-31, verifying the higher relative importance of HPV-31 over HPV-35 in cervical carcinogenesis. In biopsy specimens infected with HPV-18 and/or HPV-31 in conjunction with HPV-16 (as determined by ISH), only HPV-16 E6 and E7 RNA was detected. As shown previously, this may reflect a higher probability of persistent infection of HPV-16 (9) and implies that HPV infections with no detectable E6 and E7 mRNA may not contribute to carcinoma development. However, Initially, one sample showed a different HPV type result by PCR versus NASBA: sequencing of the Gp5ϩ/Gp6ϩ consensus PCR product reported the presence of HPV-51, whereas type-specific PCR and NASBA gave positive results for HPV-58. To explore if this could be due to a multiple infection, this sample was also tested for HPV-51 by type-specific PCR and NASBA. HPV-51 was demonstrated by both methods, and the HPV-51-positive, HPV-58-negative result by Gp5ϩ/Gp6ϩ PCR may be explained by a higher viral load of HPV-51 than of HPV-58. Additionally, the consensus Gp5ϩ/Gp6ϩ PCR has been reported to amplify HPV-58 rather poorly compared to the level of amplification obtained with the My09/My11 primer pair (37) . The presence of both HPV types was confirmed by EIA and RLB, which verifies the importance of a hybridization step subsequent to Gp5ϩ/Gp6ϩ PCR (44), since by sequencing a bias toward the detection of single infections is often created, and thus, the sensitivity of detection of other HPV types present is decreased.
A feature that has been demonstrated to be an important event in carcinogenesis is the integration of the virus into the host genome (7, 21, 49, 50) , which leads to an increase in E6 and E7 expression (51) and a possible improved stability of the E6 and E7 transcripts (20) . In this study, the physical state of HPV was investigated by ISH. However, it is important to keep in mind the use of different kinds of material for the RNA and PCR analyses compared to that used for ISH, and therefore, we cannot draw definite lines between the data. Still, the relatively small size of the tumors strengthens the probability that the sample material used for the different methods represents the same conditions. Additionally, the majority of the samples showed a homogeneous ISH pattern throughout the tumor; we saw heterogeneous patterns in only nine of the samples, denoting a greater possibility that the condition of the material used for ISH and for PCR and NASBA is not consistent. For the samples showing a homogeneous pattern, we find it reasonable to believe that the conditions were the same throughout the tissue. All samples found to be positive for HPV types 16, 18, 31, and 33 showed a punctate ISH signal, demonstrating integrated virus DNA (16) . However, 47% of the samples also had an additional diffuse signal, indicative of episomal virus DNA. This is in accordance with previous findings, demonstrating that most SCCs and the cell lines derived from them contain the integrated form of HPV, either alone or together with the episomal form (7, 13, 23) . However, the prevalence of episomal HPV diverged between the different HPV types. For HPV types 16 and 18, additional episomal HPV was found in 55% and 4% of the samples, respectively, which is in accordance with previous findings (7, 18, 21, 48) . For HPV types 31 and 33, data on HPV integration are limited. We found that 33% of the HPV-31-positive samples and 50% of the HPV-33-positive samples contained episomal HPV, in addition to integrated HPV, suggesting similarity to HPV-16. Nevertheless, the implication of the diverging frequency of episomal HPV for different HPV types remains to be investigated.
In this study we show that, when it comes to cancerous samples, there are only minor differences between the mRNA and the DNA detection rates. However, a main problem with HPV DNA testing is the high prevalence of HPV among women with a cytological normal Pap smear, atypical squamous cells of undetermined significance, or low-grade squamous intraepithelial lesion compared to the number of women who actually develop severe dysplasia. Here, HPV E6 and E7 mRNA detection may have a diagnostic and prognostic advantage over DNA detection, with this advantage related to the mRNA expression pattern observed in relation to dysplastic development. For latent and abortive infections, the E6 and E7 proteins have been detected only in the basal cell layers. In contrast, a transforming infection is related to the higher expression of oncogenic E6 and E7 proteins, and in severe dysplasias these proteins have been identified throughout the entire cell layer (27) . Therefore, detection of E6 and E7 mRNA may reflect a lesion more likely to persist or progress.
In summary, this study verifies the presence of HPV E6 and E7 mRNA expression in SCCs and demonstrates that HPV infections among Norwegian women with SCC are mainly limited to the five high-risk types 16, 18, 31, 33, and 45 . This, together with the finding of a high agreement to other detection methods, demonstrates that the PreTect HPV-Proofer assay is a valuable approach for cervical carcinoma detection. To further establish the potential of HPV E6 and E7 mRNA detection in finding women at risk for the development of cervical carcinoma, extensive follow-up studies are ongoing.
